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4-[(HALOALKYL)DIMETHYL)AMMONIO]
BUTANOATES AND USE THEREOF IN THE
TREATMENT OF CARDIOVASCULAR
DISEASE

TECHNICAL FIELD

The present invention relates to new compounds 4-[(ha-
loalkyl)(dimethyl)ammonio]butanoates, and to a method of
preparation thereof (compound of formula 6)

X— (CH,),— N— (CH,);— COO"

where Hal 1s Cl or F, n=1 or 2.

The present invention relates also to use of 4-[(haloalkyl)
(dimethyl)ammonio]butanoate 1n the treatment of cardiovas-
cular disease.

BACKGROUND ART

Cardiovascular diseases (CVDs) are a group of disorders of
the heart and blood vessels.

An estimated 16.7 million—or 29.2% of total global
deaths—result from the various forms of cardiovascular dis-
case (CVD).

Myocardial infarction (heart attack) 1s a serious result of
coronary artery disease. Myocardial infarction (MI) 1s the
irreversible necrosis of heart muscle secondary to prolonged
ischemia. A heart attack or myocardial infarction 1s a medical
emergency 1 which the supply of blood to the heart 1s sud-
denly and severely reduced or cut off, causing the muscle to
die from lack of oxygen. More than 1.1 million people expe-
rience a heart attack (myocardial infarction) each year, and
for many of them, the heart attack is their first symptom of
coronary artery disease. A heart attack may be severe enough
to cause death or it may be silent. As many as one out of every
five people have only mild symptoms or none at all, and the
heart attack may only be discovered by routine electrocardio-
graphy done some time later.

A heart attack (myocardial infarction) 1s usually caused by
a blood clot that blocks an artery of the heart. The artery has
often already been narrowed by fatty deposits on 1ts walls.
These deposits can tear or break open, reducing the flow of
blood and releasing substances that make the platelets of the
blood sticky and more likely to form clots. Sometimes a clot
torms 1nside the heart 1tself, then breaks away and gets stuck
in an artery that feeds the heart. A spasm in one of these
arteries causes the blood tlow to stop.

v-Butyrobetaine, from which the mammalian organism
synthesises carnitine, was primarily characterised as a toxic
substance
which accelerates respiration, causes salivation and lacrima-
tion, pupil dilation, vasoconstriction and heart stop in diastole
LINNEWEH, W. Gamma-Butyrobetain, Crotonbetain und
Carmnitin  1m tierischen  Stoftwechsel. Hoppe-Seylers
Zeitschfift fiir physiologische Chemie. 1929, vol. 181, p.
42-33. At the same time, 1n later papers other authors ascer-
tained that v-butyrobetaine 1s extremely low toxic
(LD50>7000 mg/kg, s.c.) ROTZSCH, W. Iber die Toxizitat
des Carnitins und eimger verwandter Stotle. Acta biol. med.
germ. 1959, vol. 3, p. 28-36.

In the literature data on nonsubstituted y-butyrobetaine
cardiovascular el

ects are missed, thought 1t was reported
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HOSEIN, E. A. Pharmacological actions of y-butyrobetaine.
Nature. 1959, vol. 183, p. 328-329. that y-butyrobetaine 1s a
substance similar to acetyl choline with a prolonged action.
However, later the same authors reported that by an error the
experiments involved, mstead of y-butyrobetaine, 1ts methyl
esther which 1n fact possesses cholinergic properties. Con-
trary to the former y-butyrobetaine was characterised as a
pharmacologically mert substance HOSEIN, E. A. Isolation
and probable functions of betaine esters 1n brain metabolism.
Nature. 1960, vol. 187, p. 321-322.
As structurally related compounds to 4-[(chloromethyl)
(dimethyl)ammonio]butanoate are disclosed 1n:
GB 1238868 A 14 Jul. 1971 were disclosed betaines, such
s 4-trimethylammoniobutanoate, used for polymers.
However no pharmacological properties of these
betaines weren’t presented;

U.S. Pat. No. 5,973,026 A (XEROX CORP) 26 Oct. 1999
were disclosed 4-trimethylammoniobutanoate and
3-[diethyl(methyl)ammonio]propionate for using for
ink compositions;

LLOYD ANDREW, et al. A comparison of glycine, sar-

cosine, N,N-dimethylglycine, glycinebetaine and
N-modified betaines as liposome cryoprotectants. Jour-
nal of pharmacy and pharmacology. 1992, vol. 44, no. 6,
p. S07-311 disclosed 2-[ethyl(dimethyl)ammonio]ac-
etate used as cryoprotectants for liposomes;

DAVID B., THOMAS, et al. Synthesis, Characterization,
and Aqueous Solution Behavior of Electrolyte- and pH-
Responsive Carboxybetaine-Containing Cyclocopoly-
mers. Macromolecules. 2003, vol. 36, no. 26, p. 9710-
9715 disclose 4-[diallyl(methyl)ammonio]butanoate
and 1ts synthesis starting from N,N-diallyl-N-methy-
laminiom and ethyl 4-bromobutanoate. The free acis 1s
obtained from the ester 1n a second step using Amberlite
ion exchange resin. The product 1s used as intermediate
to synthesise polymers;

Prelog V. 1930, vol. 2,p.712-722 disclosed the synthesis of
4-trimethylammoniobutanoate starting from 4-dimethy-

lammomiobutanoate and methyliodide;

4-1 rlmethylammomobutanoate and 1ts synthesis starting

from trimethylamine and ethyl 4-bromobutanoate was

described JP 2009096766 A (KONAN GAKUEN) 7

May 2009. The tree acid 1s obtained from the ester 1n a

second step using Amberlite 10n exchange resin;
WO 2008/055843 A (KALVINSH IVARS; CHERNO-

BROVIIS ALEKSANDRS; VARACHEVA LARISA;
PUGOVICHS OSVALDS) 15 May 2008 was described
4-trimethylammoniobutanoate and synthesis, which
started from the correspondin ester and using KOH-
solution;

CA 2508094 A (VIVIER CANADA INC) 20 Nov. 2006
was disclosed betaines, such as 4-trimethylammoniobu-
tanoate, for use as medicament for accelerating collagen
synthesis;

U.S. Pat. No. 5,965,615 A (TAIHOPHARMACEUTICAL
CO LTD; VALSTS ZINATNISKA IESTADE BEZP) 12
Oct. 1999 was disclosed 4-trimethylammoniobutanoate
as a medicament for the treatment of myocardial meta-
bolic disorder, the same compound was disclosed 1n US
2007191381 A (CONCERT PHARMACEUTICALS
INC) 16 Aug. 2007 for treatment of myocardial infarc-
tion.

3-(2,2,2-Trimethylhydrazinmium) propionate dihydrate 1s

known as compound with cardioprotective properties (this
substance being known under 1ts International Nonpropri-
ctary Name of Meldonium). 3-(2,2,2-Trimethylhydrazinium)
propionate 1s disclosed i U.S. Pat. No. 4,481,218 (INST
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ORGANICHESKOGO SINTEZA) 6 Nov. 1984 as well 1n
U.S. Pat. No. 4,451,485 A (INSTITU ORCH SINTEZA

AKADEMII) 29 May 1984.

It 1s well known that 3-(2,2,2-trimethylhydrazinium) pro-
pionate as dihydrate 1s widely used for controlling carnitine
and gamma-butyrobetaine concentration ratio and conse-
quently the speed of fatty acid beta-oxidation 1n the body
DAMBROVA M., LIEPINSH E., KALVINSH 1. 1. Mildr-
onate: cardioprotective action through carnitine-lowering
effect. Trends in Cardiovascular Medicine. 2002, vol. 12, no.
6, p. 275-279.

Due to these properties, Meldonium 1s extensively applied
in medicine as an anti-1schemic, stress-protective and cardio-
protective drug 1n treating various cardiovascular diseases
and other pathologies mvolving tissue 1schemia KARPOV R.
S., KOSHELSKAYA O. A., VRUBLEVSKY A. V.,
SOKOLOV A. A., TEPLYAKOV A. T, SKARDA 1.,
DZERVE V., KLINTSARE D., VITOLS A., KALNINS U.,
KALVINSHI MATVEYA L., URBANE D Clinical jfﬁ-
cacy and Safety of Mlldronate in Patients With Ischemic
Heart Disease and Chronic Heart Failure. Kardiologiva.
2000, no. 6, p. 69-74. In the treatment of cardiovascular
diseases the mechanism of action of 3-(2,2,2-trimethylhy-
drazinium)propionate based on limitation of carnitine bio-
synthesis rate and related long-chain fatty acid transport limi-
tation through mitochondria membranes SIMKHOVICH B.
7., SHUTENKO Z. V., MEIRENA D. V., KHAGI K. B.,
MJZHAPUK* R. 1., MOLODCHINA T. N. KALVINSI. ],
LUKEVICS E.

3-(2,2,2,-Trimethylhydrazinium)propionate  (THP) a
novel gamma-butyrobetame hydroxylase inhibitor with car-

dioprotective properties. Biochemical Pharmacology. 1988,
vol. 37, p. 195-202., KIRIMOTO T., ASAKA N., NAKANO
M., TAIIMA K., MIYAKE H., MATSUURA N. Beneficial
elfects of MET-88, ay-butyrobetaine hydroxylase inhibitor in
rats with heart failure following myocardial infarction. Euro-

pean Journal of Pharmacology. 2000, vol. 395, no. 3, p.
217-224.

SUMMARY OF INVENTION

As 1t was known what Meldomium dihydrate has cardio-
protective effect; however there are no data that y-butyrobe-

taine itsell has pronounced cardioprotective effect. In the
patent EP 0845986 B (KALVINSH IVARS, VEVERIS

MARIS) 2 Apr. 2003 1s disclosed pharmaceutical composi-
tion of Meldonium dihydrate and y-butyrobetaine for use in
the treatment of cardiovascular diseases.

An object of the present mvention 1s to provide a com-
pound, which has pronounced cardioprotective ettect.

The above-mentioned object 1s attained by providing new
compounds  4-[(haloalkyl)(dimethyl)Jammonio]butanoates
(compounds of formula 6), that has similar structure to Mel-
donium or y-butyrobetaine

X —(CH,),— N—(CH,);—COO0"

where Hal 1s Clor F,n1s 1 or 2.

To our surprise 4-[(haloalkyl)(dimethyl)ammonio]bu-
tanoates posses pronounced cardioprotective effect and are
more elfective as Meldonium dihydrate 1n vivo myocardial
infarction models, due this properties 4-[(haloalkyl)(dim-

cthyl)ammonio]butanoates may be used in medicine. 4-[ (Ha-
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loalkyl)(dimethyl)ammonio]butanoates can be use as a solu-
tion of mjection and as tablets.

The following object of the present invention 1s a method of
preparation of said compounds of formula 6.

There 1s disclosed process, which can be used in purpose to
prepare target compound 4-[(chloromethyl)(dimethyl)am-

monio |butanoate of formula 6 (X=CI, n=1)), see scheme bel-
low.

- - MeOH
‘ SOCl,
N COOH | HCl -
NG N
,
i a K>COxs
IL COOM CHath
e HClI - ——
/ \/\./
3
TL COOMe 252
e -
/ \/\/
4
Cl
/—NWCOOME, —
Cl
5

+

SR

6

Cl

Process for preparing 4-[(chloromethyl)(dimethyl)ammo-
nio|butanoate of formula 6 mvolves following process steps:

a) adding thionyl chloride to 3-carboxy-N,N-dimethyl-1-
propanaminium chloride (2) 1 appropriate solvent by
yielding 4-methoxy-N,N-dimethyl-4-oxo0-1-butan-
aminium chloride (3);

b) suspending 4-methoxy-N,N-dimethyl-4-o0xo0-1-butan-
aminium chloride (3) with potassium carbonate 1n
appropriate solvent by obtaining methyl 4-(dimethy-
lamino )butanoate (4);

¢) stirring methyl 4-(dimethylamino )butanoate (4 ) 1n anhy-
drous appropriate solvent followed with triturating with
diethyl ether by obtaining N-(chloromethyl)-4-meth-
oxy-N,N-dimethyl-4-oxobutan-1-aminium  chloride
()

d) passing N-(chloromethyl)-4-methoxy-N,N-dimethyl-4-
oxobutan-1-aminium chloride (35) 1n appropriate solvent
through 10n resin column by yielding 4-[ (chloromethyl)
(dimethyl)ammonio |butanoate (6).

There 1s also disclosed process, which can be used 1n
purpose to prepare target compound 3-carboxy-N-(2-chloro-
cthyl)-N,N-dimethylpropan-1-aminium chloride of formula
6 (X=CI, n=2), see scheme bellow.
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Process for preparing 3-carboxy-N-(2-chloroethyl)-N,N-
dimethylpropan-1-aminium chloride of formula 6 (X=CI,
n=2) involves following process steps:

¢) adding thionyl chloride to 3-carboxy-N,N-dimethyl-1-
propanaminium chloride (2) in appropnate solvent by
yielding 4-methoxy-N,N-dimethyl-4-oxo0-1-butan-
aminium chloride (3);

1) suspending 4-methoxy-N,N-dimethyl-4-ox0-1-butan-
aminium chloride (3) with potassium carbonate 1n
appropriate solvent by obtaining methyl 4-(dimethy-
lamino )butanoate (4);

o) adding 1-bromo-2-chloroethane to methyl 4-(dimethy-
lamino)butanoate (4) in appropriate solvent by obtain-
ing N-(2-chloroethyl)-4-methoxy-N,N-dimethyl-4-0x-
obutan-1-aminium bromide (3);

passing N-(2-chloroethyl)-4-methoxy-N,N-dimethyl-4-0x-
obutan-1-amintum bromide (35) 1n appropriate solvent

through 10n resin column by yielding 3-carboxy-N-(2-chlo-
roethyl)-N,N-dimethylpropan-1-aminium chloride (6).

There 1s disclosed process, which can be used 1n purpose to
prepare target compound 3-carboxy-N-(2-fluoroethyl)-N,N-
dimethylpropan-1-aminium chloride of formula 6 (X=F,
n=2), see scheme bellow.

Me,NH
Bro _~_~COOEt -
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-continued

OTf
LT NS

‘ 2. Amberlite IRA 410 (Cl)

Cl
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6

Process for preparing 3-carboxy-N-(2-fluoroethyl)-N,N-
dimethylpropan-1-aminium chloride of formula 6 (X=F, n=2)
involves following process steps:

h) adding dimethylamine to 4-bromobutanoate (1) 1n
approprate solvent by yielding ethyl 4-(dimethylamino)
butanoate (2);

1) mixing 2-fluoroethyl trifluoromethanesulionate (3) to
4-(dimethylamino)butanoate (2) 1in approprate solvent
and passing through 1on resin column by yielding
4-ethoxy-N-(2-fluoroethyl)-N,N-dimethyl-4-oxobutan-
1-aminium chloride (4);

adding hydrochloride to 4-ethoxy-N-(2-fluoroethyl)-N,N-
dimethyl-4-oxobutan-1-aminium chloride (4) 1n appropriate
solvent by obtaining 3-carboxy-N-(2-fluoroethyl )-IN,N-dim-
cthylpropan-1-aminium chloride (6).

DESCRIPTION OF EMBODIMENTS

The present mnvention will be described 1n more detail by
referring to the following nonlimiting examples.

Preparation of
3-carboxy-N,N-dimethyl-1-propanaminium chloride

(2)

3-Carboxy-N,N-dimethyl-1-propanaminium chloride was
obtained from 4-aminobutanoic acid (1) 1n 69-83% yield as
described 1in: T. C. Bruice, S. J. Benkovic. J. Am. Chem. Soc.
1963, 85 (1), 1-8.

Preparation of
4-methoxy-N,N-dimethyl-4-oxo-1-butanaminium
chlonde (3)

To a solution of 3-carboxy-N,N-dimethyl-1-propan-
aminium chloride (2) (45.93 g, 0.27 mol) 1n anh. methanol
(300 ml) at —10-0° C. slowly thionyl chloride (55 ml, 0.76
mol) was added and the temperature of the reaction mixture
was allowed to rise to ambient temperature during ca. 1 h. The
mixture was stirred at 40-50° C. for 3 h and evaporated. The
residue was dissolved in acetone (110 ml) and precipitated by
adding ether (400 ml). The solid was filtered, washed with

ether, and once more dissolved 1n acetone (110 ml) followed




US 8,940,793 B2

7

by the precipitation with ether (400 ml). The precipitate was
filtered, washed with ether, and dried to give 38.4 g (77%) of
4-methoxy-N,N-dimethyl-4-oxo-1-butanaminium chloride.

'"H NMR (DMSO-d,, HMDSO) &: 1.91 (qui, J=7.7 Hz,
2H); 2.43 (t, J=7.74 Hz, 2H); 2.71 (d, J=4.9 Hz, 6H); 2.98-
3.06 (m, 2H), 3.61 (s, 3H); 10.76 (b s, 1H).

Preparation of methyl 4-(dimethylamino)butanoate

(4)

A suspension of 4-methoxy-N,N-dimethyl-4-oxo0-1-butan-
aminium chloride (3) (5.44 g, 0.03 mol) and anh. K,CO,
(5.52 g,0.04 mol) in dichloromethane (70 ml) was vigorously
stirred at ambient temperature for 24 h. The precipitate was
filtered, washed with dichloromethane, and the filtrate was
evaporated. The residue was distilled at 32-35° C./3-4 mm Hg
to give 2.88 g (66%) of methyl 4-(dimethylamino )butanoate.

'"H NMR (DMSO-d,, HMDSO) &: 1.64 (qui, J=7.2 Hz,
2H); 2.09 (s, 6H); 2.17 (t, J=7.1 Hz, 2H); 2.30 (t, J=7.4 Hz,
2H); 3.57 (s, 3H).

Preparation of N-(chloromethyl)-4-methoxy-IN,N-
dimethyl-4-oxobutan-1-aminium chloride (5)

A solution of methyl 4-(dimethylamino)butanoate (4)
(3.39 g, 23.35 mmol) in anhydrous dichloromethane (50 ml)
was stirred for 3 days at ambient temperature and 3 days
under reflux. The reaction mixture was evaporated and the
oily solid was triturated with diethyl ether (30 ml) 1n an
ultrasound bath. The crystals were filtered, washed with
diethyl ether and dried in vacuo over P,O. to atford 2.36 g
(44%) of N-(chloromethyl)-4-methoxy-N,N-dimethyl-4-0x-
obutan-1-aminium chloride.

'"H NMR (D,O, DSS) §: 2.12 (m, 2H); 2.56 (t, J=7.0 Hz,
2H); 3.24 (s, 6H); 3.52 (m, 2H); 3.73 (s, 3H); 5.19 (s, 2H).

Preparation of
4-[(chloromethyl)(dimethyl Jammonio]butanoate (6)

A solution of N-(chloromethyl)-4-methoxy-N,N-dim-
cthyl-4-oxobutan-1-aminium chloride (5) (2.39 g, 10.38
mmol) in water (10 ml) was passed through Amberlite®
IRA-410 (OH) 10on exchange resin column (100 ml) slowly
(ca. 0.5 ml/min) eluting with water. To the eluate Dowex®
SO0WXS8 10n exchange resin by small portions was added until
the pH of the medium of the initial 9.5 was decreased up to
6.8-7.0 (pH control by a pH-meter). The reaction mixture was
filtered, evaporated, and the residue was azeotropically dried
successively with acetone, 1sopropanol, and acetonitrile fol-
lowed by drying in vacuo over P,O: to give 1.69 g (91%) of

4-[(chloromethyl)(dimethyl)ammonio |butanoate. M.p.
100.5-101° C.

"H NMR (D,O, DSS) &: 2.04 (m, 2H); 2.29 (t, J=7.1 Hz,
2H); 3.23 (s, 6H); 3.48 (m, 2H); 5.17 (s, 2H). LCMS (ESI",
m/z): 180 [M+H]".

Anal. Calc. for C;H, ,CINO,0.98H,0 (8.9%). C,42.61; H,
8.15; N, 7.10.

Found: C, 42.63; H, 8.84; N, 6.98.

Preparation of
3-carboxy-N,N-dimethyl-1-propanaminium chloride

(2)

3-Carboxy-N,N-dimethyl-1-propanaminium chloride was
obtained from 4-aminobutanoic acid (1) 1n 69-83% vield as
described in: T. C. Bruice, S. J. Benkovic. J. Am. Chem. Soc.
1963, 85 (1), 1-8.
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Preparation of
4-methoxy-N,N-dimethyl-4-oxo-1-butanaminium

chlornde (3)

To a solution of 3-carboxy-N,N-dimethyl-1-propan-
aminium chloride (2) (45.93 g, 0.27 mol) 1n anh. methanol
(300 ml) at —10-0° C. slowly thionyl chloride (55 ml, 0.76
mol) was added and the temperature of the reaction mixture
was allowed to rise to ambient temperature during ca. 1 h. The
mixture was stirred at 40-50° C. for 3 h and evaporated. The
residue was dissolved in acetone (110 ml) and precipitated by
adding ether (400 ml). The solid was filtered, washed with
cther, and once more dissolved 1n acetone (110 ml) followed
by the precipitation with ether (400 ml). The precipitate was
filtered, washed with ether, and dried to give 38.4 g (77%) of
4-methoxy-N,N-dimethyl-4-oxo-1-butanaminium chlornde.

'H NMR (DMSO-d,, HMDSO) &: 1.91 (qui, J=7.7 Hz,
2H); 2.43 (t, I=7.74 Hz, 2H); 2.71 (d, J=4.9 Hz, 6H); 2.98-
3.06 (m, 2H), 3.61 (s, 3H); 10.76 (b s, 1H).

Preparation of methyl 4-(dimethylamino)butanoate

(4)

A suspension of 4-methoxy-N,N-dimethyl-4-oxo-1-butan-
aminium chlornide (3) (5.44 g, 0.03 mol) and anh. K,CO,
(3.52 g,0.04 mol) in dichloromethane (70 ml) was vigorously
stirred at ambient temperature for 24 h. The precipitate was
filtered, washed with dichloromethane, and the filtrate was
evaporated. The residue was distilled at 32-35° C./3-4 mm Hg
to give 2.88 g (66%) of methyl 4-(dimethylamino)butanoate.

'H NMR (DMSO-d., HMDSO) &: 1.64 (qui, J=7.2 Hz,
2H); 2.09 (s, 6H); 2.17 (t, JI=7.1 Hz, 2H); 2.30 (t, JI=7.4 Hz,
2H); 3.57 (s, 3H).

Preparation of N-(2-chloroethyl)-4-methoxy-N,N-
dimethyl-4-oxobutan-1-aminium bromide (5)

To a solution of methyl 4-(dimethylamino)butanoate (4)
(4.00 g, 27.6 mmol) 1n acetonitrile (50 ml) 1-bromo-2-chlo-
roethane (23 ml, 276 mmol) was added and the obtained
mixture was stirred 1n a closed vessel at 65° C. for 5 days. The
reaction mixture was evaporated; the white solid residue was
washed with diethyl ether and dried 1n vacuo over P,O; to
grve 7.477 g (94%) of N-(2-chloroethyl)-4-methoxy-N,N-
dimethyl-4-oxobutan-1-aminium bromide.

'"H NMR (D,O, DSS) &: 2.13 (m, 2H); 2.54 (t, J=7.0 Hz,
2H); 3.20 (s, 6H); 3.45 (m, 2H); 3.73 (s, 3H); 3.80 (t, J=6.7
Hz, 2H); 4.03 (t, J=6.7 Hz, 2H). LCMS (ESI*, m/z): 208
[M-Br]* (for >>Cl).

Preparation of 3-carboxy-N-(2-chloroethyl)-N,N-
dimethylpropan-1-aminium chloride (6)

N-(2-Chloroethyl)-4-methoxy-N,N-dimethyl-4-oxobu-
tan-1-aminium bromide (5) (7.477 g, 25.9 mmol) was dis-
solved 1n water (10 ml) and passed through Amberlite® IR A-
410 (Cl) 10n exchange resin column (100 ml) slowly (ca. 0.5
ml/min) eluting with water (control with 2% AgINO, solu-
tion). The eluate was evaporated; the residue (~6 g) was
dissolved in 1N HCI (50 ml) and stirred for 15 h at 70° C. The
reaction mixture was evaporated and dried to give 4.735 ¢
(79%) of 3-carboxy-N-(2-chloroethyl)-N,N-dimethylpro-
pan-1-amimum chloride as a yellowish solid. The purity of
the obtained compound can be increased by crystallization
from acetonitrile. Thus, 2 g of the obtained material was
crystallized from acetomtrile (120 ml) to afford 1.32 g of
white crystalline 6 with m.p. 130° C.
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"H NMR (DO, DSS) &: 2.11 (m, 2H); 2.52 (t, J=7.0 Hz,
2H); 3.20 (s, 6H); 3.46 (m, 2H); 3.80 (t, J=6.7 Hz, 2H); 4.03
(t, J=6.7 Hz, 2H). LCMS (ESI*, m/z): 194 [M-CI"]" ({or
>CD.

Anal. Calc. tor CiH, ,C1,NO,.0.49H,0 (3.7%): C, 40.21;
H, 7.58; N, 5.86.

Found: C, 40.20; H, 7.63; N, 5.66.

Preparation of ethyl 4-(dimethylamino)butanoate (2)

To a solution of ethyl 4-bromobutanoate (1) (20.0 g, 102.5
mmol) i anhydrous ethanol (200 ml) a 33% (~5.6 M) solu-
tion of dimethylamine 1n ethanol (100 ml, 560 mmol) was
added and the resulting mixture was stirred at ambient tem-
perature for 24 h. The reaction mixture was evaporated, the
residue was dissolved in chloroform (200 ml), washed suc-
cessively with saturated solutions of NaHCO, (4x50 ml) and
NaCl (50 ml), and dried (Na,SQO,). The solution was evapo-
rated and the residue (12.15 g) was distilled in vacuo at 69-72°
C./13 mm Hg to give 10.66 g (65%) of the ethyl 4-(dimethy-
lamino )butanoate.

"HNMR (DMSO-d., HMDSO) 8: 1.25 (t, J=7.2 Hz, 3H);
1.78 (qui, JI=7.4 Hz, 2H); 2.21 (s, 6H); 2.27 (t, J=7.3 Hz, 2H);
2.32 (t, J=7.5 Hz, 2H); 4.12 (q, J=7.2 Hz, 2H).

Preparation of 2-fluoroethyl
trifluoromethanesulionate (3)

2-Fluoroethyl trifluoromethanesulfonate (3) was obtained
as described mn: C. L. Falzon, U. Ackermann, N. Spratt, H. J.
Tochon-Danguy, J. White, D. Howells, A. M. Scott. J. Label.
Compd. Radiopharm. 2006, 49, 1089-1103: To a suspension
of poly(4-vinylpyridine) (6.68 g, 60.78 mmol) 1n anhydrous
dichloromethane (100 ml) under argon atmosphere trifluo-
romethanesulphonic anhydride (8.57 g, 30.37 mmol) was
added and the reaction mixture was stirred at ambient tem-
perature for 15 min. To the mixture 2-fluoroethanol (1.346 g,
21.30 mmol) was added, the resulting mixture was stirred for
30 min. at ambient temperature and filtered under gravity. The
precipitate was washed with dichloromethane (30 ml), the
filtrates were combined, washed successively with saturated
solutions of NaHCO; (4x50 ml) and NaCl (2x350 ml), and
dried (Na,SO, ). The solvent was evaporated at 20° C./200
mm Hg and the obtained crude 2-Fluoroethyl trifluo-
romethanesulifonate (3) was used in the next step without
turther purification.

"HNMR (CDCl,, HMDSO 6): 4.65 (m, 2H, *J 747 Hz),
4.66 (m, 2H, 3JMLI»27 Hz).

Preparation of 4-ethoxy-N-(2-tluoroethyl)-N,N-dim-
cthyl-4-oxobutan-1-aminium chloride (4)

To a solution of ethyl 4-(dimethylamino)butanoate (2)
(2.26 g, 14.2 mmol) in anhydrous dichloromethane (20 ml) at
ice bath temperature the crude 2-fluoroethyl trifluo-
romethanesulionate (3), obtained 1n the preceding step from
1.346 g (21.30 mmol) of 2-fluoroethanol, was added. The
reaction mixture was stirred at 1ce bath temperature for 1 h
and evaporated. The dark oily residue (5.431 g) was dissolved
in water (15 ml), filtered through a pad of cotton and passed
through Amberlite® IRA-410 (Cl) 1on exchange resin col-
umn (50 ml) slowly (ca. 0.5 ml/min) eluting with water (con-
trol with 2% AgNO, solution). The eluate was evaporated and
the residue was azeotropically dried successively with
acetone, 1sopropanol, and acetonitrile to give 3.61 g (quant.)
of the 4-ethoxy-N-(2-fluoroethyl)-N,N-dimethyl-4-oxobu-
tan-1-aminium chloride (4).
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'H NMR (D,0, DSS) &: 1.17 (t, ]=7.2 Hz, 3H); 2.12 (m,
2H); 2.52 (t, J=7.0 Hz, 2H); 3.20 (s, 6H); 3.46 (m, 2H); 3.80
(m, 3, ,/~28.2 Hz, 2H); 4.19 (q, J=7.2 Hz, 2H); 4.97 (m,
21, 7473 Hz, 2H).

Preparation of 3-carboxy-N-(2-fluoroethyl)-IN,N-
dimethylpropan-1-aminium chloride (6)

To a solution of 4-ethoxy-N-(2-fluoroethyl)-IN,N-dim-
cthyl-4-oxobutan-1-aminium chloride (4) from the preceding
step (3.61 g, =514.2 mmol) in dioxane (10 ml) was added
conc. HCI (5 ml) and the reaction mixture was stirred at 40° C.
for 24 h. The mixture was evaporated, to the residue (3.02 g)
was added conc.HCI (15 ml) and stirred at 70° C. for 2 h, then

the mixture was evaporated again. The residue was triturated
with acetonitrile 1n an ultrasound bath, then the mixture was
decanted and the crystalline solid was washed with acetone.
After drying 1n vacuo over P,O. 2.125 g of the 3-carboxy-N-
(2-fluoroethyl)-N,N-dimethylpropan-1-aminium  chloride
(6) was obtained.

'"H NMR (D.,O, DSS) &: 2.11 (m, 2H); 2.52 (t, J=7.0 Hz,
2H);3.20 (s, 6H); 3.47 (m, 2H); 3.80 (m, 3JFﬂ:28.3 Hz, 2H);
4.98 (m, 2JFH,HTZ47.3 Hz, 2H). LCMS (ESI*, m/z): 178
[IM-CI7]".

Anal. Calcd for CoH,,CIFNO,.0.3H,0 (2.5%): C, 43.86;
H, 8.10; N, 6.39. Found: C, 43.86; H, 8.10; N, 6.39.
Cardioprotective Activity

Fiity male, 10 weeks old Wistar rats weighing 200-250 g
were housed under standard conditions (21-23° C., 12 h light-
dark cycle) with unlimited access to food (R3 diet, Lactamin
AB, Sweden) and water.

Rats were adapted to local conditions for two weeks before
the start of treatment. Meldonium dihydrate at a dose of 20
mg/kg, gamma-butyrobetaine at a dose of 20 mg/kg and
4-[(chloromethyl)(dimethyl) ammonio]butanoate at dose of
20 mg/kg were administered p.o. daily for 8 weeks. Control
rats recerved water.

Isolated Rat Heart Infarction Study

The 1solated rat heart experiment was performed essen-
tially as described earlier (Liepinsh et al., J Cardiovasc.
Pharmacol. 2006; 48(6):314-9). Twenty-four hours after the
last drug administration hearts were excised and retrogradely
perfused via the aorta at a constant pressure with oxygenated
Krebs-Henseleit buttfer at 37° C. The heart rate, left ventricle
end-diastolic pressure and left ventricle developed pressure
were continuously recorded. Coronary tlow was measured
using an ultrasound flow detector (HSE) and the PowerLab
8/30 system from ADInstruments. The hearts were pertused
for 20 min to stabilize the hemodynamic functions and then
occlusion was performed for 60 min by constricting threads
through a plastic tube. Successiul occlusion was confirmed
by a coronary flow decrease of about 40 percent. Reperfusion
was achieved by releasing the threads. At the end of the
1 50-min reperfusion period, the risk zone was delineated with
0.1% methylene blue. The hearts were then sectioned trans-
versely from the apex to the base 1n five slices 2 mm in
thickness and imncubated 1n 1% triphenyltetrazolium chloride
in phosphate butter (pH 7.4, 37° C.) for 10 min to stain viable
tissue red and necrotic tissue white. Computerized planem-
etric analysis of Sony A900 photographs was performed
using Image-Pro Plus 6.3 software to determine the area at
risk and area of necrosis expressed as a % of the left ventricle.
The obtained values were then used to calculate the infarct
s1ze (IS) as a % of risk area according to the formula:

Infarct Size=Area of Necrosis/Area at Riskx100%.
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Effects 1n Isolated Rat Heart Infarction Model

The anti-infarction effect of examined substances was
ivestigated 1n an 1solated rat heart infarction model. During
occlusion of left coronary artery, the coronary flow in all
experimental groups was decreased for 40% (from 11 ml/min
to 7 ml/min). Moreover, the drop of developed left ventricular
pressure for 50% was observed. The heart rate during the
occlusion period did not change significantly. In reperfusion
stage, coronary flow, developed left ventricular pressure, +dp/
dt values were recovered t1ll about 80% of control level. There
were no sigmificant differences between control and treatment
groups.

Effects of Meldonium dihydrate (20 mg/kg), gamma-bu-
tyrobetaine (20 mg/kg) and 4-[(chloromethyl)(dimethyl)

ammonio |butanoate (20 mg/kg) after 2 weeks of treatment on
infarct size in the 1solated rat heart infarction experiment are
presented 1n Table 1.

TABL.

L1

1

Effects of Meldonium dihydrate, gamma-butyrobetaine and
4-[(chloromethyl) (dimethy]l)ammonio]butanoate on infarct size

Infarct size, % of control

Control 100.0 £ 5.9
Meldonium dihydrate 20 mg/kg 1179 +£7.9
(Gamma-butyrobetaine 20 mg/kg 87.6 £11.4
4-[(Chloromethyl){dimethyl) 65.2 + 6.8%%%

ammonio]butanoate 20 mg/kg

Each value represents the mean = s.e.m. of 9-10 animals.
*p < 0.05 compared with control group;

#p < 0.05 compared with Gamma-butyrobetaine group,
$p < 0.05 compared with Meldonium dihydrate group

As 1t 15 presented 1n Table 1, Meldonium dihydrate treat-
ment at a dose of 20 mg/kg had no therapeutical effect;
gamma-butyrobetaine was decreased infarct size nearly by
12.4%. 4-[(Chloromethyl)(dimethyl)ammonio]butanoate at
dose of 20 mg/kg observed the best therapeutical eflect
decreasing infarct size by 34.8%.

Cardioprotective Activity

Fifty male, 10 weeks old Wistar rats weighing 200-250 g
were housed under standard conditions (21-23° C., 12 h light-
dark cycle) with unlimited access to food (R3 diet, Lactamin
AB, Sweden) and water.

Rats were adapted to local conditions for two weeks before
the start of treatment. Meldonium dihydrate at a dose of 20
mg/kg, gamma-butyrobetaine at a dose of 20 mg/kg and
3-carboxy-N-(2-chloroethyl)-N,N-dimethylpropan-1-
aminium chloride at dose of 20 mg/kg were administered p.o.
daily for 8 weeks. Control rats recerved water.

Isolated Rat Heart Infarction Study

The 1solated rat heart experiment was performed essen-
tially as described earlier (Liepinsh et al., J Cardiovasc.
Pharmacol. 2006; 48(6):314-9). Twenty-four hours after the
last drug administration hearts were excised and retrogradely
perfused via the aorta at a constant pressure with oxygenated
Krebs-Henseleit bufter at 37° C. The heart rate, left ventricle
end-diastolic pressure and left ventricle developed pressure
were continuously recorded. Coronary flow was measured
using an ultrasound flow detector (HSE) and the PowerLab
8/30 system from ADInstruments. The hearts were perfused
for 20 min to stabilize the hemodynamic functions and then
occlusion was performed for 60 min by constricting threads
through a plastic tube. Successiul occlusion was confirmed
by a coronary flow decrease of about 40 percent. Reperiusion
was achieved by releasing the threads. At the end of the
1 50-min repertusion period, the risk zone was delineated with

10

15

20

25

30

35

40

45

50

55

60

65

12

0.1% methylene blue. The hearts were then sectioned trans-
versely from the apex to the base 1n five slices 2 mm in
thickness and incubated in 1% triphenyltetrazolium chloride
in phosphate buftfer (pH 7.4, 37° C.) for 10 min to stain viable
tissue red and necrotic tissue white. Computerized planem-
etric analysis of Sony A900 photographs was performed
using Image-Pro Plus 6.3 software to determine the area at
risk and area ol necrosis expressed as a % of the left ventricle.
The obtained values were then used to calculate the infarct
s1ze (IS) as a % of risk area according to the formula:

Infarct Size=Area of Necrosis/ Area at Riskx100%.

Effects 1n Isolated Rat Heart Infarction Model

il

The anti-infarction effect of examined substances was
investigated 1n an 1solated rat heart infarction model. During
occlusion of left coronary artery, the coronary flow 1n all
experimental groups was decreased for 40% (from 11 ml/min
to 7 ml/min). Moreover, the drop of developed left ventricular
pressure for 50% was observed. The heart rate during the
occlusion period did not change significantly. In reperfusion
stage, coronary tlow, developed left ventricular pressure, =dp/
dt values were recovered t1ll about 80% of control level. There
were no significant differences between control and treatment
groups.

Effects of Meldonium dihydrate (20 mg/kg), gamma-bu-
tyrobetaine (20 mg/kg) and 3-carboxy-N-(2-chloroethyl)-N,
N-dimethylpropan-1-aminium chloride (20 mg/kg) after 2
weeks of treatment on infarct size in the i1solated rat heart
infarction experiment are presented 1n Table 2.

TABL.

L1

2

Effects of Meldonium dihydrate, gamma-butyrobetaine and 3-carboxy-N-

(2-chloroethyl)-N,N-dimethylpropan-1-aminium chloride on infarct size

Infarct size, % of control

Control 100.0 £ 5.9
Meldonium dihydrate 20 mg/kg 1179 +7.9
(Gamma-butyrobetaine 20 mg/kg 87.6 £11.4
3-Carboxy-N-(2-chloroethyl)-N,N- 59.9 + 7.6%%%

dimethylpropan-1-aminium chloride
20 mg/kg

Each value represents the mean + s.e.m. of 9-10 animals.
*p < 0.05 compared with control group;

" < 0.05 compared with Gamma-butyrobetaine group,
$p < 0.05 compared with Meldonium dihydrate group

As 1t 1s presented 1n Table 2, Meldonium dihydrate treat-
ment at a dose of 20 mg/kg had no therapeutical effect;
gamma-butyrobetaine was decreased infarct size nearly by
12.4%. 3-Carboxy-N-(2-chloroethyl)-N,N-dimethylpropan-
1 -amintum chloride at dose of 20 mg/kg observed the best
therapeutical effect decreasing infarct size by 41.1%.

The same experimental conditions as above were used for
testing 3-carboxy-N-(2-fluoroethyl)-N,N-dimethylpropan-
1 -aminium chloride.

Effects of Meldonmium dihydrate (20 mg/kg), gamma-bu-
tyrobetaine (20 mg/kg) and 3-carboxy-N-(2-fluoroethyl)-N,
N-dimethylpropan-1-aminium chloride (20 mg/kg) after 2
weeks of treatment on infarct size in the i1solated rat heart
infarction experiment are presented 1n Table 3.
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TABLE 3

Effects of Meldonium dihydrate, gamma-butyrobetaine and 3-carboxy-N-
(2-fluoroethyl)-N . N-dimethylpropan-1-aminium chloride on infarct size

Infarct size, % of control

Control 100.0 £ 5.9
Meldonium dihydrate 20 mg/kg 117.9 £7.9
(Gamma-butyrobetaine 20 mg/kg 87.6x11.4
3-carboxy-N-(2-fluoroethyl)-N,N- 65.5 £ 9.1%%%

dimethylpropan-1-aminium chloride
20 mg/kg

Each value represents the mean + s.e.m. of 9-10 animals.
*p < 0.05 compared with control group;

"p < 0.05 compared with Gamma-butyrobetaine group,
$p < 0.05 compared with Meldonmium dihydrate group

As 1t 1s presented in Table 3, Meldonium dihydrate treat-
ment at a dose of 20 mg/kg had no therapeutical effect;
gamma-butyrobetaine was decreased infarct size nearly by
12.4%. 3-Carboxy-N-(2-fluoroethyl)-N,N-dimethylpropan-
1 -aminium chloride at dose of 20 mg/kg observed the best

therapeutical effect decreasing infarct size by 34.5%.
The invention claimed 1s:

1. A 4-[(haloalkyl)(dimethyl)ammonio]butanoate of for-
mula

X—(CH,),—N

wherein X 1s Clor F and n 1s 1 or 2, or a pharmaceutically
acceptable salt thereof.

2. The 4-[(haloalkyl)(dimethyl)ammonio|butanoate of

claim 1 which 1s selected from the group consisting of:
4-[(chloromethyl)(dimethyl)ammonio]butanoate,
3-Carboxy-N-(2-chloroethyl)-N,N-dimethylpropan-1-
aminium chloride, and
3-Carboxy-N-(2-fluoroethyl)-N,N-dimethylpropan-1-
aminium chloride.

3. A process for preparing the 4-[(haloalkyl)(dimethyl)
ammonio]|butanoate of claim 1 which 1s 4-[(chloromethyl)
(dimethyl)ammonio]butanoate, comprising;:

a. adding thionyl chloride to 3-carboxy-N,N-dimethyl-1-
propanaminium chloride 1in appropriate solvent to yield
4-methoxy-N,N-dimethyl-4-oxo0-1-butanaminium
chloride;

b. suspending 4-methoxy-N,N-dimethyl-4-oxo0-1-butan-
aminium chloride with potassium carbonate 1n appro-
priate solvent to obtain methyl 4-(dimethylamino)bu-
tanoate;

c. stirring methyl 4-(dimethylamino)butanoate 1n an appro-
priate anhydrous solvent followed with triturating with
diethyl ether to obtain N-(chloromethyl)-4-methoxy-N,
N-dimethyl-4-oxobutan-1-aminium chloride; and

d. passing N-(chloromethyl)-4-methoxy-N,N-dimethyl-4-
oxobutan-1-aminium chloride in appropriate solvent
through 10n resin column to vyield 4-[(chloromethyl)
(dimethyl)ammonio]butanoate.

4. The process according to claim 3, wherein 1n step a) the

appropriate solvent 1s methanol.

(CH,);— COO"
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5. The process according to claim 3, wherein 1n step b) the
appropriate solvent 1s dichloromethane.

6. The process according to claim 3, wherein 1n step ¢) the
appropriate anhydrous solvent 1s dichloromethane.

7. The process according to claim 3, wherein 1n step d) the
appropriate solvent 1s water.

8. A process for preparing the 4-[(haloalkyl)(dimethyl)
ammonio|butanoate according to claim 1, which 1s 3-car-
boxy-N-(2-chloroethyl)-N,N-dimethylpropan-1-aminium
chloride, comprising:

¢. adding thionyl chloride to 3-carboxy-N,N-dimethyl-1-
propanaminium chloride 1n appropriate solvent to yield
4-methoxy-N,N-dimethyl-4-0xo0-1-butanaminium
chloride;

f. suspending 4-methoxy-N,N-dimethyl-4-oxo-1-butan-
aminium chloride with potassium carbonate 1n an appro-
priate solvent to obtain methyl 4-(dimethylamino)bu-
tanoate;

g. adding 1-bromo-2-chloroethane to methyl 4-(dimethy-
lamino)butanoate 1n appropriate solvent to obtain NV-
(2-chloroethyl)-4-methoxy-N,N-dimethyl-4-oxobutan-
]-aminium bromide; and

h. passing N-(2-chloroethyl)-4-methoxy-N,N-dimethy]-4-
oxobutan-1-aminium bromide in appropriate solvent
through 10n resin column to yield 3-carboxy-N-(2-chlo-
roethyl)-N,N-dimethylpropan-1-aminium chlornde.

9. The process according to claim 8, wherein in step e) the

approprate solvent 1s methanol.

10. The process according to claim 8, wherein 1n step 1) the
appropriate solvent 1s dichloromethane.

11. The process according to claim 8, wherein in step g) the
appropriate solvent 1s acetonitrile.

12. The process according to claim 8, wherein 1n a step h)
the appropriate solvent 1s water.

13. A process for preparing the 4-[(haloalkyl)(dimethyl)
ammonio|butanoate of claim 1 which 1s 3-carboxy-N-(2-
fluoroethyl)-N,N-dimethylpropan-1-aminium chlonde,
comprising;

1. adding dimethylamine to 4-bromobutanoate 1n appropri-

ate solvent to yield ethyl 4-(dimethylamino)butanoate;

1. mixing 2-tfluoroethyl trifluoromethanesulionate to
4-(dimethylamino)butanoate 1n an appropriate solvent
and passing through 1on resin column to yield 4-ethoxy-
N-(2-fluoroethyl)-N,N-dimethyl-4-oxobutan-1 -
aminium chloride; and

k. adding hydrochloride to 4-ethoxy-N-(2-fluoroethyl )-N,
N-dimethyl-4-oxobutan-1-aminium chloride 1 an
appropriate solvent to obtain 3-carboxy-N-(2-fluoroet-
hyl)-N,N-dimethylpropan-1-aminium chloride.

14. The process according to claim 13, wherein 1n step 1)

the approprate solvent 1s ethanol.

15. The process according to claim 13, wherein 1n step j)
the appropriate solvent 1s dichloromethane.

16. The process according to claim 13, wherein in step k)
the appropriate solvent 1s dioxane.

17. A method for treating myocardial infarction in a subject
in need thereol, comprising administration of an effective
amount of the 4-[(haloalkyl)(dimethyl)ammonio]butanoate
according to claim 1.
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